This article focuses on the dilemmas science educators face when having to introduce Pedagogical Content Knowledge (PCK) to science student teachers in a predominantly paper-based distance learning environment. It draws on the premise that science education is bound by the Nature of Science (NOS), and by the Nature of Scientific Inquiry (NOSI). Furthermore, science educators' own PCK, and the limitations of a predominantly paper-based distance education (DE) model of delivery are challenges that they have to face when introducing PCK and authentic inquiry-based learning experiences. It deprives them and their students from optimal engagement in a science-oriented community of practice, and leaves little opportunity to establish flourishing communities of inquiry. This study carried out a contextual analysis of the tutorial material to assess the PCK that the student teachers had been exposed to. This comprised the ideas of a community of inquiry, a community of science, the conceptualization of PCK, scientific inquiry, and the 5E Instructional Model of the Biological Sciences Curriculum Study. The analysis confirmed that the lecturers had a good understanding of NOS, NOSI and science process skills, but found it difficult to design interventions to optimize the PCK development of students through communities of inquiry. Paper-based tutorials are ideal to share theory, policies and practices, but fail to monitor the engagement of learners in communities of inquiry. The article concludes with a number of suggestions to address the apparent lack of impact power of the paper-based mode of delivery, specifically in relation to inquiry-based teaching and learning (IBTL).
INTRODUCTION
A predicament that science teacher educators face in Distance Education (DE) lies rooted in the operationalization of the Nature of Science (NOS), the accompanying science process skills, and the design of teaching interventions through communities of inquiry. This is important as it ensures that the outcomes of science teacher education programs are met in terms of scientific inquiry. The first purpose of this article is to address some of the dilemmas in introducing PCK to student teachers, and regarding the inclusive, inquirybased teaching and learning (IBTL) strategies used at a mega-DE institution (Hulsmann & Shabalala, 2016) . Secondly, the focus also falls on the development of strategies that could combine and integrate university infrastructures, which would expand the developing PCK of student teachers. Thirdly, the evidence drawn from the case study also addresses the primary research question: How do science teacher educators engage with PCK and scientific inquiry (SI) in predominantly paper-based distance learning programs? Furthermore I found it puzzling that, regardless of the availability of supportive infrastructures and resources, DE practitioners still find it difficult to move away from inadequate second and third generation DE modes of delivery to a more demanding fifth generation approach. Are our decisions governed by restrictions within DE modes of delivery or by our own fragile Pedagogical Content Knowledge (PCK)? (Chambers, 1994a; Chambers, 1994b; Ferreira, 2008 Riet, 2006) . PRA has a dual purpose: it has strong emancipatory and empowering features, and allows educators to gain insight into the benefits of newly-acquired methods and strategies of teaching. Furthermore, thirdgeneration DE models have the capacity to actively engage student teachers in aspects of inquiry (Adewara & Lawal, 2015; Perry & Edwards, 2005), yet with the exception of individual lecturers who involve their student in IBTL, the majority still fail to do so. Why, regardless of the availability of supportive infrastructures and resources, does it appear that science educators working in DE still find it difficult to engage their student teachers in activities that will develop their IBTL strategies and emerging PCK accordingly? Secondly, why do existing infrastructures fail to expose student teachers to the essence of PCK and IBTL?
At this institution, a decision was made more than ten years ago to do away with annual contact sessions (discussion classes) mainly because of the high maintenance cost, and the limited impact they had on throughput and retention. It is estimated that approximately only 15% of enrolments benefitted from the contact sessions (Personal communication, DE specialist and consultant, and Van Zyl, Spamer & Els, 2012).
RESEARCH QUESTIONS
The aim of this study was to explore how science educators engage with PCK and scientific inquiry (SI) in paper-based Distance Education programs. The study addressed the following primary and secondary research questions:
 How do science teacher educators engage with PCK and scientific inquiry (SI) in predominantly paper-based distance learning programs?
Supplemental to the main research question the following secondary research question contributed to address the outcomes envisaged with the primary research question: Finally, one senior institutional manager, one senior research professor specializing in distance education, one senior methodologist, and one distance education consultant specialist, were interviewed for 45 minutes regarding their experiences with instructional design applications and practices in distance education.
Meeting Ethical Requirements
Permission to conduct the research was approved by the university executive, the Ethics Committee of the university, the participants' line managers, namely, the chair of the academic department, and the unit directors, Instructional Designer, and Subject Methodology lecturers.
The Nature of Science (NOS), the Nature of Scientific Inquiry (NOSI) and the Science Process Skills Lederman (1992) explains students' and teachers' conceptions of the Nature of Science (NOS) in the early nineties, and comes to the conclusion that these conceptions differed between the different disciplines and that no "singularly preferred or informed nature of science" existed, and that "the nature of science is as tentative, if not more so, than science knowledge itself" (Lederman, 1992 
PEDAGOGICAL CONTENT KNOWLEDGE AND THE TEACHING OF SCIENCE
Science educators have taken it as a given that the notion of Pedagogical Content Knowledge (PCK) gives us a good understanding of how science educators and science teacher educators go about teaching science. I concur with Loughran, Berry and Mulhall (2012, p. 7) that PCK should be regarded as "the knowledge that teachers develop over time, and through experience, about how to teach particular content in particular ways in order to lead to enhanced student understanding." The authors further expand on the notion, capturing explicit actions such as a "combination of the rich knowledge of pedagogy", "shaping and interacting", "better understood" and "the way teaching has been organized, planned, analyzed and presented" (pp. 7 and 8 "Facilitation supports dialogue with minimal shaping of the course of the discussion. Discourse, on the other hand, is disciplined inquiry that requires a knowledgeable teacher with the expectation that discourse progresses in a collaborative constructive manner and students gain an awareness of the inquiry process".
Minner, Levy and Century (2010) therefore caution that hands-on activities alone might not be enough to guarantee conceptual change. They regard social engagement (classroom discussion) as an important activity that allows its participants to relate meaningfully to inquiry. required skills. The second study guide (SG2) emphasized the importance of creating cognitive disequilibrium, which the text did not do, and referred to presuppositions, paths of reasoning, speculative theories (evolution), and non-speculative theories. It further cautioned students to guard against not developing critical independent reasoning, and to teach speculative theory as canon. The first unit concluded by dealing with science as a method. The third study guide (SG3) referred briefly to NOS as a learning outcome, and provided students with the Theory Of Inquiry-Based Learning as a data collection strategy, as well as problem-solving. It showed the premises of exploration by engaging student teachers in an activity to design a problem solving exercise for their learners. Some explanation was provided through the introduction of exemplary case studies and activities to engage learners in inquiry-based learning. Students were further motivated to engage their learners in the design of exploration activities.
However
The first Tutorial Letter (TL1) that accompanied SG1 expected student teachers to list important science process skills, and then requested them to explain how each should be facilitated in a practical investigation. What followed at a later stage was a question related to the use of different teaching strategies in teaching the subject. What was encouraging was the students' engagement with a so-called e-portfolio, which was submitted as compulsory evidence that they understood the competences of successful science teachers, and showed their ability to design practical lessons. Evidence in the form of lesson plans, photos of artefacts, accompanying documents, and videos were requested. Opportunities were created for students to understand the details of exploration, explanation and elaboration as part of scientific inquiry. TL2 focused on hands-on activities as an ideal way to teach science, as well as the transformation of 'child science' to 'true scientific understanding'. Little reference was made to inquiry as such, or the accompanying skills required to develop IBTL strategies. However, the students were requested to participate in the online discussion forums at least once month. TL3 was more specific regarding PCK and NOS as an epistemology, and science as a way of knowing. The students pointed to the fact that science has to be taught in such a way that learners develop problem-solving and inquiry-based skills. From a classical qu alitative r esearch perspective, transferability addresses the question whether the findings of a study could be transferred to similar scenarios and settings (Elo, Kaariainen, Kanste, Polkki, Utriainen, and Kyngas, (2014, p. 6) or whether the findings are confined to the three modules sampled for this study? International trends that steer and guide scientific approaches and practices, institutional and departmental program polices that oversee the implementation of such practices, as well as academic insight and will to accommodate state-of-the-art technologies in tutorial packages, are universal factors informing program design and development. Where modules and programs are not aligned with faculty and departmental research foci -such as PCK and SI -it is often the experiential learning of individuals that will drive change and innovation. The adoption of a common teaching philosophy is often the only assurance that learners will be exposed to contemporary trends and prominent paradigms that paint the scientific educational landscape.
DISCUSSION

LIMITATIONS OF THE STUDY
Although Bowen (2009, p. 29) justifies the value of document analysis as a trustworthy stand-alone qualitative methodology, she also points to its role in data triangulation, with the suggestion that studies would become more credible if document analysis could be complemented with other data collection strategies (p. 30). Bowen (2009, p. 30) explains that "when there is convergence of information from different sources, readers … have greater confidence in the trustworthiness (credibility) of the findings". It would have been appropriate to contextualize lecturers' application and implementation of scientific inquiry (SI) and pedagogical content knowledge (PCK), for example against student teachers' responses, to the module objectives and envisaged outcomes as listed in the selected tutorial material. Furthermore, tutorial material describes 'intended' or 'anticipated' behavior, and gives little account of the achieved outcomes. An analysis of student
